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1
WIRELESS INDUCTIVE POWER TRANSFER
WITH TEMPERATURE CONTROL OF THE
RECEIVER

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C. §371 of International Application No.
PCT/EP2014/064879, filed on Jul. 11, 2014, which claims
the benefit of Furopean Patent Application No.
EP13176841.8, filed on Jul. 17, 2013. These applications are
hereby incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates to inductive power transfer and in
particular, but not exclusively, to an inductive power transfer
system suitable for the Qi wireless power transfer standard.

BACKGROUND OF THE INVENTION

Many systems require a wiring and/or electrical contacts
in order to supply electrical power to devices. Omitting these
wires and contacts provides for an improved user experi-
ence. Traditionally, this has been achieved using batteries
located in the devices but this approach has a number of
disadvantages including extra weight, bulk and the need to
frequently replace or recharge the batteries. Recently, the
approach of using wireless inductive power transfer has
received increasing interest.

Part of this increased interest is due to the number and
variety of portable and mobile devices having exploded in
the last decade. For example, the use of mobile phones,
tablets, media players etc. has become ubiquitous. Such
devices are generally powered by internal batteries and the
typical use scenario often requires recharging of batteries or
direct wired powering of the device from an external power
supply.

As mentioned, most present day devices require a wiring
and/or explicit electrical contacts to be powered from an
external power supply. However, this tends to be impractical
and requires the user to physically insert connectors or
otherwise establish a physical electrical contact. It also tends
to be inconvenient to the user by introducing lengths of wire.
Typically, power requirements also differ significantly, and
currently most devices are provided with their own dedi-
cated power supply resulting in a typical user having a large
number of different power supplies with each power supply
being dedicated to a specific device. Although, internal
batteries may prevent the need for a wired connection to an
external power supply, this approach only provides a partial
solution as the batteries will need recharging (or replacing
which is expensive). The use of batteries may also add
substantially to the weight and potentially cost and size of
the devices.

In order to provide a significantly improved user experi-
ence, it has been proposed to use a wireless power supply
wherein power is inductively transferred from a transmitter
coil in a power transmitter device to a receiver coil in the
individual devices.

Power transmission via magnetic induction is a well-
known concept, mostly applied in transformers which have
a tight coupling between the primary transmitter coil and the
secondary receiver coil. By separating the primary transmit-
ter coil and the secondary receiver coil between two devices,
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wireless power transfer between the devices becomes pos-
sible based on the principle of a loosely coupled transformer.

Such an arrangement allows a wireless power transfer to
the device without requiring any wires or physical electrical
connections. Indeed, it may simply allow a device to be
placed adjacent to, or on top of, the transmitter coil in order
to be recharged or powered externally. For example, power
transmitter devices may be arranged with a horizontal sur-
face on which a device can simply be placed in order to be
powered.

Furthermore, such wireless power transfer arrangements
may advantageously be designed such that the power trans-
mitter device can be used with a range of power receiver
devices. In particular, a wireless power transfer standard
known as the Qi standard has been defined and is currently
being developed further. This standard allows power trans-
mitter devices that meet the Qi standard to be used with
power receiver devices that also meet the Qi standard
without these having to be from the same manufacturer or
having to be dedicated to each other. The Qi standard further
includes some functionality for allowing the operation to be
adapted to the specific power receiver device (e.g. dependent
on the specific power drain).

The Qi standard is developed by the Wireless Power
Consortium and more information can e.g. be found on their
website: http://www.wirelesspowerconsortium.com/in-
dex.html, where in particular the defined Standards docu-
ments can be found.

Wireless power transfer systems are applied in an increas-
ing variety and number of applications. For example, work
is ongoing to expand the Qi power transfer standard to
include high power applications with the potential of powers
of up to more than 1 kW. Such high power capability leads
to wireless power transfer systems being practical for more
and more applications. However, this also introduces more
challenges and specifically increases the risk of undesirable
situations occurring. Thus, there is a desire to introduce
control aspects to wireless power transfer systems which
mitigate the risk of undesirable or even potentially unsafe
scenarios occurring.

For example, it is envisaged that wireless power transfer
may be used in a kitchen environment to power to various
kitchen appliances and devices, including high power
devices such as kettles, pans, blenders etc.

However, in such embodiments, additional considerations
must be taken into account to ensure that undesired and
unsafe scenarios do not occur. This must also consider the
potential behavior of the user. For example, in the kitchen
application there may be a range of power provision points
including some intended for heating pans or kettles, some
intended for other devices such as blenders, mixers etc. The
specific layout and materials used may depend on a number
of issues, including aesthetic and design preferences, and
therefore different parts may use different materials etc.

However, users will generally not consider such aspects
and will typically not be focused on where devices can be
positioned. For example, the user may not consider that
some devices should be restricted to specific areas or parts
of the worktop due to their power transfer characteristics or
application.

Hence, an improved power transfer system would be
advantageous and in particular a system allowing an
improved user experience, increased reliability, increased
flexibility, facilitated implementation, improved safety and/
or improved performance would be advantageous.
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SUMMARY OF THE INVENTION

Accordingly, the Invention seeks to preferably mitigate,
alleviate or eliminate one or more of the above mentioned
disadvantages singly or in any combination.

According to an aspect of the invention there is provided
an wireless power transfer system including a power trans-
mitter and a power receiver, the power transmitter being
arranged to generate a wireless inductive power transfer
signal for powering the power receiver, the wireless power
transfer system comprising: a receiver for receiving a first
temperature for a first part of a powered device, the powered
device comprising a heating part capable of being heated by
power from the power transfer signal and the first part being
a contact surface of the powered device for contacting the
power transmitter; a comparator for comparing the first
temperature to a first reference temperature, the first refer-
ence temperature being indicative of a maximum allowable
contact temperature for a surface of the power transmitter
for receiving the power receiver; and a controller for at least
one of restricting the power of the power transfer signal and
generating a user alert in response to the first temperature
exceeding the first reference temperature; and wherein the
power receiver comprises: a first temperature sensor for
determining a second temperature for a heating part of the
powered device, a transmitter for transmitting power control
loop feedback messages for requesting power level changes
of the power transfer signal to the power transmitter during
power transfer, and a power controller for generating power
change requests for the power control loop feedback mes-
sages in response to the second temperature.

The invention may allow an improved wireless power
transfer system in many embodiments. In many embodi-
ments, an improved user experience can be achieved. The
approach may in many embodiments and scenarios provide
a safer operation and safeguard, prevent, or mitigate against
undesirable scenarios. The invention may in particular be
advantageous for scenarios wherein a variety of different
devices may be powered by one or more power transmitters
and/or where the power providing entity may comprise
different parts with different physical characteristics and
material properties.

In many embodiments, improved operation may be
achieved with one temperature control function controlling
the operating temperature of the heating part, and thus
specifically controlling the heating operation, whereas
another temperature control function ensures thermal com-
patibility between the power transmitter and the power
receiver/powered device. The approach may allow both
accurate heating and safe operation while maintaining low
complexity.

The invention may in many embodiments, prevent or
mitigate the risk of damage to a surface of the object/device/
appliance comprising the power transmitter. This may be
achieved without generally restricting the operation of the
power transfer system. Thus, the system may dynamically
monitor and adapt to the specific scenario.

The first reference temperature may be indicative of a
maximum allowable contact temperature for a surface for
receiving the power receiver for/during power transfer. The
power receiver may be placed on the surface during power
transfer, and the first temperature may be indicative of the
temperature of a contact surface of the power receiver which
is in contact with the surface (of the power transmitter). The
surface may be a surface comprising, in contact with, or
close to (typically within 1, 2, 3 or 5 cm) a power transmit
coil arranged to generate the power transfer signal. The
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maximum allowable contact temperature may be the maxi-
mum temperature acceptable for a surface of a powered
device which comes into contact with the surface (of the
power transmitter) during power transfer. The surface for
receiving the power receiver may specifically be a work
surface of a kitchen object or element comprising wireless
power functionality (and specifically the power transmitter).

The reference temperature is specifically be a maximum
allowable contact temperature for a surface associated with
the power transmitter, such as a surface for receiving the
power receiver/powered device when this is powered by the
power transmitter. The surface is specifically a surface for
receiving the powered device comprising the power receiver
for power transfer. The reference temperature may be a
property of a material of the part forming the surface for
receiving the powered device. The reference temperature
may be generated by the power transmitter. In some embodi-
ments, the reference temperature may be transmitted from
the power transmitter to the power receiver. In many
embodiments, the first temperature may be a temperature of
an external part of the powered device. The part may
specifically be a part of the powered device arranged for
contact with surfaces of the power transmitter entity, such as
the bottom of the powered device.

The controller may be arranged to restrict the power by
terminating the power transfer operation, and specifically
may be arranged to exit the power transfer phase/mode in
response to the detection that the first temperature exceeds
the reference temperature.

In some embodiments, the controller may restrict the
power by applying an upper limit to the power of the power
transfer signal.

In many embodiments, the controller may be arranged to
both restrict the power and to generate the user alert in
response to the first temperature exceeding the reference
temperature.

The first temperature may be received from an external or
interval source.

The first temperature may be a measured temperature. In
accordance with an optional feature of the invention, the
power receiver comprises a second a temperature sensor
arranged to measure the first temperature.

The first temperature may reflect a measurement of a
temperature, and may for example directly be the measured
temperature or a temperature derived from a measured
temperature. The first temperature may reflect current con-
ditions, and the apparatus may in many embodiments be
arranged to detect and react to dynamic changes. For
example, it may detect undesired user action that results in
the first temperature exceeding a specific reference tempera-
ture.

In accordance with an optional feature of the invention,
the first temperature is a predetermined maximum tempera-
ture of the contact surface.

This may allow an improved user experience and/or
reduced complexity in many embodiments. The predeter-
mined maximum temperature may be a temperature linked
to the specific powered device. The reference temperature
may specifically be a predetermined maximum temperature
of an external surface of the part of a powered device, and
specifically of a surface for contacting to a receiving surface
of the power transmitter entity.

In accordance with an optional feature of the invention,
wherein the controller is arranged to restrict the power of the
power transfer signal in response to the first temperature
exceeding the first reference temperature.
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This may provide improved operation in many embodi-
ments and may in particular allow the system to address
potential situations where a user action may result in poten-
tial damage to parts of the power transmitter entity.

In accordance with an optional feature of the invention,
the controller is arranged to generate the user alert in
response to the first temperature exceeding the first reference
temperature.

This may provide improved operation in many embodi-
ments and may in particular allow the system to aid or
control the user to prevent or address potential situations
where a user action may result in potential damage to parts
of the power transmitter entity.

In accordance with an optional feature of the invention,
the first part is a different part of the powered device than the
heating part.

In accordance with an optional feature of the invention,
the receiver, comparator and controller are comprised in the
power transmitter.

This may provide advantageous operation in many
embodiments, and may specifically allow the power trans-
mitter to safeguard against undesirable situations and poten-
tial damage.

In accordance with an optional feature of the invention,
the receiver is arranged to receive the first temperature from
the power receiver.

This may provide improved performance in many
embodiments and scenarios. In particular, a more accurate
operation can be achieved in many scenarios. In some
embodiments, reduced complexity and flexibility can be
achieved.

The first temperature may e.g. be received during a power
transfer phase.

In accordance with an optional feature of the invention,
the controller is arranged to restrict the power of the power
transfer signal or to generate a user alert in response to the
receiver not receiving the first temperature from the power
receiver.

The controller may be arranged to determine if a first
temperature message has been received from the power
receiver within a time interval during power transfer; and to
at least one of generating a user alert and restricting power
transfer if no first temperature message has been received
within the time interval, and to not generate a user alert and
not restrict power transfer if a first temperature message has
been received comprising a value for the first temperature
not exceeding the first reference temperature.

This may provide more reliable and/or safe operation in
many embodiments.

In many embodiments, the controller may be arranged to
both restrict the power and to generate the user alert in
response to not receiving a first temperature from the power
receiver (e.g. within a given time interval).

In accordance with an optional feature of the invention,
the power transmitter is arranged to transmit an indication of
a detection of the first temperature exceeding the first
reference temperature to the power receiver.

This may allow enhanced functionality and/or an
improved user experience in many embodiments. For
example, it may allow the user alert to be generated in the
powered device (such as a heatable pan) rather than by the
power transmitter. This may for example generate a more
noticeable user alert which will typically be generated closer
to the user.

In accordance with an optional feature of the invention,
the wireless power transfer system comprises a second
power transmitter; and the apparatus further comprises: a
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second receiver for receiving a second temperature for a part
of a second powered device, the second powered device
being powered by a second power receiver powered by the
second power transmitter; a second comparator for compar-
ing the second temperature to a second reference tempera-
ture associated with the second power transmitter; and a
second controller for at least one of restricting a power of a
power transfer signal of the second power transmitter and
generating a user alert in response to the second temperature
exceeding the second reference temperature; wherein the
second reference temperature is different from the first
reference temperature.

This may for example allow a flexible arrangement where
precautions can be adapted to specific properties of indi-
vidual parts/surfaces of the apparatus that may come into
contact with the powered device. For example, a kitchen
appliance may be arranged to provide power to a range of
powered devices and the approach may allow individual
adaptation to the specific characteristics of different parts of
the appliance.

In some embodiments, the apparatus may comprise a
selector for selecting the reference temperature from a
plurality of reference temperatures in response to a position
indication for the power receiver, each reference tempera-
ture being associated with a set of positions.

Each set of positions may correspond to a surface area of
an entity comprising the power transmitter, or may e.g. be a
different part or element of the entity.

In some embodiments, the entity may comprise a plurality
of transmit coils or power transmitters and each set of
positions may be associated with a subset of the transmit
coils or power transmitters. The position indication may be
an indication of which transmit coil or power transmitter is
powering the powered device or (often equivalently) of
which transmit coil or power transmitter is in communica-
tion with the power receiver.

In accordance with an aspect of the invention, there is
provided a power receiver for a wireless power transfer
system further including a power transmitter arranged to
generate a wireless inductive power transfer signal for
powering the power receiver, the power receiver compris-
ing: a receiver for receiving a first temperature for a first part
of a powered device, the powered device comprising a
heating part capable of being heated by power from the
power transfer signal and the first part being a contact
surface of the powered device for contacting the power
transmitter; a comparator for comparing the first temperature
to a first reference temperature, the first reference tempera-
ture being indicative of a maximum allowable contact
temperature for a surface of the power transmitter for
receiving the power receiver; a controller for at least one of
restricting the power of the power transfer signal and
generating a user alert in response to the first temperature
exceeding the first reference temperature; a first temperature
sensor for determining a second temperature for a heating
part of the powered device; a transmitter for transmitting
power control loop feedback messages for requesting power
level changes of the power transfer signal to the power
transmitter during power transfer; and a power controller for
generating power change requests for the power control loop
feedback messages in response to the second temperature.

In accordance with an optional feature of the invention,
the controller is arranged to generate power down requests
for the power control loop feedback messages in response to
the first temperature exceeding the first reference tempera-
ture.
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This may provide improved operation in many embodi-
ments, and may in particular provide a more accurate
heating by the powered device. The approach may allow
both accurate heating and safe operation while maintaining
low complexity.

In some embodiments, the apparatus may comprise a
transmitter for transmitting a power transfer restriction
request to the power transmitter in response to a detection
that the first temperature exceeds the reference temperature.

In accordance with an optional feature of the invention,
the power receiver further comprises a reference tempera-
ture receiver for receiving the first reference temperature
from the power transmitter.

This may provide improved operation and/or implemen-
tation.

In accordance with an optional feature of the invention,
the comparator is arranged to set the first reference tem-
perature to a predetermined value in the absence of the first
reference temperature being received from the power trans-
mitter.

This may provide improved operation in many embodi-
ments. It may for example allow the power receiver to
ensure that it operates in a safe scenario even if not con-
trolled by a power transmitter.

In accordance with an optional feature of the invention,
the heating part comprises an inductive heating element
arranged to be heated by induction from the power transfer
signal.

The heating element may specifically be a heating plate.

According to an aspect of the invention there is provided
a method of operation for a wireless power transfer system
including a power transmitter and a power receiver, the
power transmitter being arranged to generate a wireless
inductive power transfer signal for powering the power
receiver, the method comprising: receiving a first tempera-
ture for a first part of a powered device, the powered device
comprising a heating part capable of being heated by power
from the power transfer signal; comparing the measured
temperature to a first reference temperature, the first refer-
ence temperature being indicative of a maximum allowable
contact temperature for a surface of the power transmitter
for receiving the power receiver; and at least one of restrict-
ing the power of the power transfer signal and generating a
user alert in response to the first temperature exceeding the
first reference temperature; a temperature sensor of the
power receiver determining a second temperature for a
heating part of the powered device, the power receiver
transmitting power control loop feedback messages for
requesting power level changes of the power transfer signal
to the power transmitter during power transfer, and the
power receiver generating power change requests for the
power control loop feedback messages in response to the
second temperature.

These and other aspects, features and advantages of the
invention will be apparent from and elucidated with refer-
ence to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way
of example only, with reference to the drawings, in which

FIG. 1 illustrates an example of a power transfer system
in accordance with some embodiments of the invention;

FIG. 2 illustrates an example of a power transfer system
in accordance with some embodiments of the invention;
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FIG. 3 illustrates an example of elements of a half-bridge
inverter for a power transmitter in accordance with some
embodiments of the invention;

FIG. 4 illustrates an example of elements of a full-bridge
inverter for a power transmitter in accordance with some
embodiments of the invention; and

FIG. 5 illustrates an example of a unit for powering
kitchen appliances;

FIG. 6 illustrates an example of a power transmitter in
accordance with some embodiments of the invention;

FIG. 7 illustrates an example of a power receiver in
accordance with some embodiments of the invention; and

FIG. 8 illustrates an example of a power transfer scenario
in accordance with some embodiments of the invention.

DETAILED DESCRIPTION OF SOME
EMBODIMENTS OF THE INVENTION

FIG. 1 illustrates an example of a power transfer system
in accordance with some embodiments of the invention. The
power transfer system comprises a power transmitter 101
which includes (or is coupled to) a transmitter coil/inductor
103. The system further comprises a power receiver 105
which includes (or is coupled to) a receiver coil/inductor
107.

The system provides a wireless inductive power transfer
from the power transmitter 101 to the power receiver 105.
Specifically, the power transmitter 101 generates a power
transfer signal, which is propagated as a magnetic flux by the
transmitter coil 103. The power transfer signal may typically
have a frequency between around 20 kHz to 200 kHz. The
transmitter coil 103 and the receiver coil 105 are loosely
coupled and thus the receiver coil picks up (at least part of)
the power transfer signal from the power transmitter 101.
Thus, the power is transferred from the power transmitter
101 to the power receiver 105 via a wireless inductive
coupling from the transmitter coil 103 to the receiver coil
107. The term power transfer signal is mainly used to refer
to the inductive signal between the transmitter coil 103 and
the receiver coil 107 (the magnetic flux signal), but it will be
appreciated that by equivalence it may also be considered
and used as a reference to the electrical signal provided to
the transmitter coil 103, or indeed to the electrical signal of
the receiver coil 107.

In the following, the operation of the power transmitter
101 and the power receiver 105 will be described with
specific reference to an embodiment in accordance with the
Qi standard (except for the herein described (or consequen-
tial) modifications and enhancements). In particular, the
power transmitter 101 and the power receiver 103 may
substantially be compatible with the Qi Specification version
1.0 or 1.1 (except for the herein described (or consequential)
modifications and enhancements).

To prepare and control the power transfer between the
power transmitter 101 and the power receiver 105 in the
wireless power transfer system, the power receiver 105
communicates information to the power transmitter 101.
Such communication has been standardized in the Qi Speci-
fication version 1.0 and 1.1.

On the physical level, the communication channel from
the power receiver 105 to the power transmitter 101 is
implemented by using the power transfer signal as carrier.
The power receiver 105 modulates the load of the receiver
coil 105. This results in corresponding variations in the
power transfer signal at the power transmitter side. The load
modulation may be detected by a change in the amplitude
and/or phase of the transmitter coil 105 current, or alterna-
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tively or additional by a change in the voltage of the
transmitter coil 105. Based on this principle, the power
receiver 105 can modulate data which the power transmitter
101 demodulates. This data is formatted in bytes and pack-
ets. More information can be found in the “System descrip-
tion, Wireless power Transfer, Volume I: Low Power, Part 1:
Interface Definition, Version 1.0 July 2010, published by the
Wireless power Consortium” available via http://www.wire-
lesspowerconsortium.com/downloads/wireless-power-
specification-part-1.html, also called the Qi wireless power
specification, in particular chapter 6: Communications Inter-
face.

To control the power transfer, the system may proceed via
different phases, in particular a selection phase, a ping phase,
identification and configuration phase, and a power transfer
phase. More information can be found in chapter 5 of part
1 of the Qi wireless power specification.

Initially, the power transmitter 101 is in the selection
phase wherein it merely monitors for the potential presence
of a power receiver. The power transmitter 101 may use a
variety of methods for this purpose, e.g. as described in the
Qi wireless power specification. If such a potential presence
is detected, the power transmitter 101 enters the ping phase
wherein a power transfer signal is temporarily generated.
The power receiver 105 can apply the received signal to
power up its electronics. After receiving the power transfer
signal, the power receiver 105 communicates an initial
packet to the power transmitter 101. Specifically, a signal
strength packet indicating the degree of coupling between
power transmitter and power receiver is transmitted. More
information can be found in chapter 6.3.1 of part 1 of the Qi
wireless power specification. Thus, in the Ping phase it is
determined whether a power receiver 105 is present at the
interface of the power transmitter 101.

Upon receiving the signal strength message, the power
transmitter 101 moves into the Identification & Configura-
tion phase. In this phase, the power receiver 105 keeps its
output load disconnected and communicates to the power
transmitter 101 using load modulation. The power transmit-
ter provides a power transfer signal of constant amplitude,
frequency and phase for this purpose (with the exception of
the change caused by load-modulation). The messages are
used by the power transmitter 101 to configure itself as
requested by the power receiver 105.

Following the Identification and Configuration phase, the
system moves on to the power transfer phase where the
actual power transfer takes place. Specifically, after having
communicated its power requirement, the power receiver
105 connects the output load and supplies it with the
received power. The power receiver 105 monitors the output
load and measures the control error between the actual value
and the desired value of a certain operating point. It com-
municates such control errors to the power transmitter 101
at a minimum rate of e.g. every 250 ms to indicate these
errors to the power transmitter 101 as well as the desire for
a change, or no change, of the power transfer signal.

Thus, during the power transfer phase, the power receiver
controls the provided power. This may be particularly
important for embodiments wherein the power receiver does
not directly provide power to an external load but with the
receive coil 107 effectively being the load itself. For
example, for a powered device which is a heatable device
which is heated by the power transfer signal, the receive coil
107 may be implemented as an inductive heating element
arranged to be heated by induction from the power transfer
signal. For example, the power receiver may include a
heating plate in which the power transfer signal generates

20

25

30

40

45

55

10

eddy currents by induction. The heating element will thus
heat up in the presence of the power transfer signal and the
heating element can be used to heat other items. For
example, the powered device may be a kettle or a pan
comprising a heat element which is heated by eddy currents
generated by the power transfer signal. The heated element
may thus be considered to form both the receive coil 107 and
the load.

The powered device is thus a powered heating device
comprising a heating part, such as a heating element e.g. in
the form of a heating plate. In the example, the power
transfer signal may directly heat the heating part by inducing
eddy currents in this. In other embodiments, the provision of
power from the power transfer signal to the heating part may
include intermediate functions. For example, in some
embodiments the powered device may include a separate
receive coil 107 in the form of an inductor in which current
is induced. This induced power may be converted into an
electrical signal which is fed to the heating part. Thus, the
heating part may electrically be connected as a conventional
load to a wireless power receiver.

In the system, the power control operation is based on a
temperature sensor of the power receiver 105. In particular,
the power receiver comprises a heating part temperature
sensor which determines a temperature for the heating part,
henceforth referred to as the heating part temperature. The
power receiver 105 is arranged to determine desired power
changes based on the heating part temperature. Specifically,
if the heating part temperature is below a first threshold, the
power receiver 105 may request an increase of power of the
power transfer signal, and if the heating part temperature is
above a second threshold (higher or equal to the first
threshold), the power receiver 105 may request a decrease of
power of the power transfer signal. The power receiver 105
may then generate corresponding power control loop feed-
back messages and transmit these back to the power trans-
mitter 101. In response, the power transmitter 101 increases
or decreases the power of the power transfer signal.

Thus, in the system of FIG. 1, the power control operation
is temperature based and may directly be used to control the
operating temperature of the heating part, and thus may
control the heating operation of the powered heating device.

Wireless power transfer such as that provided by Qi
power transfer systems is becoming increasingly popular
and may increasingly be used in different applications and
different contexts, and with an increased variety of setups,
equipment, surroundings etc. The current Qi system pro-
vides support for efficient power transfer, and the intended
enhancements and developments are aimed at providing an
improved functionality and user experience in a wider range
of applications. However, there is a general desire to further
improve the functionality, flexibility and user friendliness to
allow an increased uptake of wireless power transfer. Spe-
cifically, the increase to higher powers and a greater variety
of applications result in an increased desire and need for
ensuring that the system operates safely and without freely
allowing unintended and undesired results or scenarios
arising.

FIG. 2 illustrates a wireless power transfer system that
may provide enhanced functionality and/or operation. The
system of FIG. 2 may specifically illustrated enhanced
control functionality employed in the system of FIG. 1.

Thus, the system of FIGS. 1 and 2 utilize a temperature
based power control loop to control the temperature of a
heating part of a powered heating device. The power control
loop is accordingly used to control the operating temperature
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of the heating part, and thus to control the heating perfor-
mance of the powered heating device.

In addition to this temperature based power control loop,
the system is arranged to evaluate a temperature of a part of
the powered device (such as an external contact surface)
relative to a reference temperature associated with the power
transmitter. Thus, the system specifically considers the rela-
tionship between two temperatures where one relates to the
power receiver side and another relates to the power trans-
mitter side of the power transfer. The reference temperature
is dependent on a characteristic which is associated with the
power transmitter and which will typically be the same
regardless of which (or if any) power receiver is present.
Conversely, the first temperature is typically not dependent
on the characteristics of the power transmitter the power
receiver is used with but relates to characteristics of the
device which is powered by the power receiver (the powered
device). Typically, the first temperature may be a dynami-
cally measured temperature whereas the reference tempera-
ture is often a predetermined value.

The reference temperature is specifically a maximum
acceptable temperature for a contact surface of an appliance
comprising the power transmitter. The reference temperature
may be a maximum allowable temperature for a surface for
receiving the powered device during power transfer. The
surface may for example be a flat surface of the power
transmitter on which the powered device is put for power
transfer operations, i.e. when a power transfer is desired.

The first temperature specifically indicates the current
temperature of a part of the power receiver that will come
into contact with the contact surface when the powered
device is placed on the contact surface. Indeed, the first
temperature is provided for a contact surface of the powered
device for contacting the power transmitter. Thus, the ref-
erence temperature and first temperature may be indicative
of temperatures (e.g. the maximum allowable and the mea-
sured temperature) of contact surfaces of respectively the
power transmitter and the powered device which will come
into contact with each other during power transfer.

The system is arranged to detect if the first temperature
exceeds the reference temperature. Specifically, if the cur-
rent temperature of the contact surface of the powered
device is higher than a maximum allowable surface tem-
perature of a contact surface on which the powered device
may be positioned during power transfer, this will be
detected by the system.

FIG. 2 illustrates a driver 201 which is coupled to the
transmit coil 103 and which generates the power transfer
signal and provides this to the transmit coil 103. Thus,
during power transfer, the driver 201 provides the power
transfer signal to the power receiver 105 via the transmit coil
103 (and the receive coil 107).

The driver 201 thus generates the current and voltage
which is fed to the transmitter coil 103. The driver 201 is
typically a drive circuit in the form of an inverter which
generates an alternating signal from a DC Voltage. FIG. 3
shows a half-bridge inverter. The switches S1 and S2 are
controlled such that they are never closed at the same time.
Alternatingly S1 is closed while S2 is open and S2 is closed
while S1 is open. The switches are opened and closed with
the desired frequency, thereby generating an alternating
signal at the output. Typically, the output of the inverter is
connected to the transmitter coil via a resonance capacitor.
FIG. 4 shows a full-bridge inverter. The switches S1 and S2
are controlled such that they are never closed at the same
time. The switches S3 and S4 are controlled such that they
are never closed at the same time. Alternatingly switches S1
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and S4 are closed while S2 and S3 are open, and then S2 and
S3 are closed while S1 and S4 or open, thereby creating a
block-wave signal at the output. The switches are open and
closed with the desired frequency.

The driver 201 also comprises control functionality for
operating the power transfer function and may specifically
comprise a controller arranged to operate the power trans-
mitter 101 in accordance with the Qi standard. For example,
the controller may be arranged to perform the Identification
and Configuration as well as the power transfer phases of the
Qi standard.

The receiver coil 107 is coupled to a power receiver
controller 203, which comprises various functionality for
operating the power transfer function, and is in the specific
example arranged to operate the power receiver 105 in
accordance with the Qi standard. For example, the power
receiver controller 203 may be arranged to perform the
Identification and Configuration as well as the power trans-
fer phases of the Qi standard.

The power receiver controller 203 is arranged to receive
the power transfer signal and to extract the power during the
power transfer phase. The power receiver controller 203 is
coupled to a power load 205 which is the load powered from
the power transmitter 101 during the power transfer phase.
The power load 205 may specifically be a heating part, such
as a heating element heated by power extracted from the
power transfer signal.

In many embodiments, the powered device may comprise
a heating element which is directly heated by the power
transfer signal inducing eddy currents in the heating ele-
ment. Thus, the load 205 and receive coil 107 may be
integrated into one single element with the load being
powered directly without the power receiver controller 203
as an intermediate. In such embodiments, the power receiver
controller 203 may however provide the required control
and interfacing technology including communicating with
the power transmitter, controlling the power as part of the
power control loop etc.

The power controller 203 may further control the power
control operation based on the measurement of the heating
part temperature. Specifically, it may generate power
requests which are transmitted to the power transmitter 101
in power control loop feedback messages. E.g. if the heating
part temperature is below a threshold, an increase in the
power of the power transfer signal is requested, and if it is
above the threshold a decrease in power is requested. Thus,
the power receiver controller 203 can control the operating
temperature of the heating part/element.

The system of FIG. 2 provides enhanced functionality by
providing an additional control of the operation, and espe-
cially functionality that in many embodiments may prevent
undesired and potentially damaging scenarios from occur-
ring. In particular, the system allows the operation to be
adapted based on a temperature of a part of the powered
device relative to a reference temperature which reflects a
characteristic of the power transmitter such as a device,
appliance or other entity of which the power transmitter
functions are a part of. Specifically, the entity may be an
entity, device, or object comprising the functions of the
power transmitter 101. The use of a power control loop to
control the operating temperature of the heating part com-
bined with a separate temperature control function which is
based on comparison of temperatures of respectively the
power transmitting and the power receiving sides provides
efficient operation and additional safety. It may provide
additional flexibility in allowing different types of power
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receivers and power transmitters to flexibly interwork with-
out requiring the thermal compatibility to be designed for
worst case combinations.

The system of FIG. 2 comprises a temperature receiver
207 which receives a temperature, henceforth referred to as
the first temperature. The first temperature may be received
from any suitable internal or external source.

The first temperature is indicative of a temperature of a
contact surface of the powered device which is arranged for
contacting the power transmitter. The contact surface of the
powered device is often a bottom surface which is placed on
a surface of the power transmitter to allow the power
transmission. Thus, typically the power transfer signal is
provided to the power receiver 105 from the power trans-
mitter 101 via the contact surface of the power transmitter
101 for which the first reference temperature is provided and
the contact surface of the power receiver 105 for which the
first temperature is provided. The two contact surfaces are
accordingly in contact during power transfer (in typical use).

The first temperature is in many embodiments indicative
of measured temperature but may in some embodiments be
indicative of an estimated or maximum operating tempera-
ture of the part. The part is typically be an external part, and
the first temperature may specifically be indicative of a
current temperature of a surface of the powered device. The
surface is typically a contact surface which comes into
contact with a contact surface of the power transmitter
during normal power transfer operations.

The temperature receiver 207 is coupled to a comparator
209 which is further coupled to a reference source 211 that
provides a reference temperature to the comparator 209. The
reference temperature is associated with the power trans-
mitter 101 and specifically indicates a maximum allowable
contact temperature for a surface for receiving the powered
device. The surface may specifically be a surface through
which the powered device is powered, such as the surface of
an object comprising the power transmitter 101 and on
which the powered device may be positioned for power
transfer.

The comparator 209 is arranged to compare the measured
temperature to a reference temperature associated with the
power transmitter 101. The comparator 209 is coupled to a
first controller 213 which is provided with the result of the
comparison.

The first controller 213 is arranged to react to a detection
that the first temperature exceeds the reference temperature.
Specifically, if the comparator 209 indicates that the first
temperature exceeds the reference temperature, the first
controller 213 may proceed to restrict the power of the
power transfer signal. The restriction may specifically be by
terminating the power transfer, exiting the power transfer
phase/mode, or e.g. by reducing the power of the power
transfer signal by a given amount, or restricting it to not
exceed a given threshold.

In some embodiments (particularly when the first con-
troller 213 is implemented in the power transmitter 101, the
first controller 213 may restrict the power by modifying the
operation of the power transmitter 101, and specifically by
modifying the operation of the driver 201. In other embodi-
ments (particularly when the first controller 213 is imple-
mented in the power receiver 105), the first controller 213
may modify the operation of the power controller 203. For
example, the power loop control operation may be modified
such that the power receiver 105 continuously transmits
power down requests until the first temperature no longer
exceeds the reference temperature (typically with a margin).
Thus, in this case the first controller 213 may proceed to
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transmit power down requests even when the heating part
temperature falls below the lower threshold for requesting
increased power.

Alternatively or additionally, the first controller 213 may
generate a user alert. The first controller 213 is specifically
coupled to a user interface 215 which may be controlled by
the first controller 213 to provide a user alert. The user alert
may for example be a visual indication (e.g. flashing light)
or an audio indication (e.g. a warning tone). In some
embodiments, more complex user alerts may be generated,
such as a text or graphical user display describing the cause
of the user alert.

Thus, the system of FIG. 2 may detect that a temperature
of a part of the powered device exceeds a temperature
suitable for the power transmitter 101. For example, the
system may detect that a first temperature, reflecting a
temperature of a contact surface of the powered device,
exceeds a reference temperature representing a maximum
allowable contact temperature for a particular contact sur-
face of the power transmitter. Accordingly, it may detect that
if the powered device is positioned on the particular surface
of the power transmitter, damage to this surface could occur.
The system may address such risks by generating a user alert
(possibly before the powered device is positioned on the
surface) or/and reducing or switching off the power (typi-
cally when the powered device is positioned on the surface).

The approach thus provides an additional control option
that allows the system to detect potentially undesired sce-
narios and to take action to avoid these or to mitigate the
consequences.

In the system of FIGS. 1 and 2, a wirelessly powered
device comprises a heating part that is powered by a power
transfer signal generated by a power transmitter. The power
receiver includes a temperature sensor which determines a
temperature of the heating part, and a power controller
which generates power control loop feedback messages
based on the determined temperature. The power receiver
comprises a transmitter for transmitting the feedback mes-
sages to the power transmitter.

Thus, a power control loop can be implemented which
allows the power transmitter 101 to control the generated
power transfer signal to provide an appropriate amount of
power to the power receiver 103. The power is controlled on
the basis of a temperature of the heating part of the powered
device and accordingly the power control loop can specifi-
cally control the power of the power transfer signal to
generate a desired temperature of the heating part.

In addition to this temperature controlled power control
loop, the system is arranged to also consider another tem-
perature of a part of the powered device. This temperature
(the first temperature) is specifically compared to a reference
temperature which represents a maximum allowable contact
temperature for a surface of the power transmitter for
receiving the power receiver. Thus, in addition to the tem-
perature based power control loop, which specifically can be
used to maintain a desired temperature of the heating
part/element of the powered device, the system includes
functionality for comparing another temperature of a part of
the powered device to a maximum allowable temperature for
the contact surface of the power transmitter 101 that is
arranged to receive the power receiver 105. This second
temperature (the heating part temperature) relates to the
contact surface of the powered device which will contact the
power transmitter 101. If the temperature of this part of the
powered device exceeds the maximum contact temperature,
the system restricts the power of the power transfer signal or
generates a user alert.
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This second temperature control does not merely corre-
spond to a conventional temperature control seeking to
control an operating temperature of a heating element to
have a desired value. Indeed, a standard temperature control
will typically be based on increasing or decreasing trans-
mitted power in response to the powered device comparing
a measured temperature to a local temperature reference
reflecting the desired temperature. However, rather than
merely setting a preferred operating temperature, the second
temperature control is concerned with the interoperation
between the power transmitter and the powered device.
Indeed, the second temperature control is directed to com-
paring a temperature characteristic of the powered device to
a temperature characteristic of the power transmitter. Thus,
it is not merely directed to providing a desired temperature
for a heating element but rather is a relative comparison
between values representing different devices. It can use this
to detect whether the power transmitter and the powered
device operate in a way that is compatible with each other.

For example, a power transmitter may be provided e.g. in
a kitchen environment where devices to be powered (e.g.
kitchen appliances) can be positioned directly on the work-
top surface through which the power transfer signal is
transmitted. This power transmitter may be used with a
range of different appliances, and many different powered
devices may be positioned on the work surface. Different
devices will typically have different requirements and will
also have different temperature characteristics.

When a powered heating device is positioned on the work
surface, the power transmitter may provide a power transfer
signal which results in the desired heating in the heating
part/element. The power of the power transfer signal can be
controlled via a power control loop, and this power control
loop can be standardized. Accordingly, a powered heating
device can control the power of the power transfer signal to
provide the desired operating temperature of the heating
element. The power control loop can maintain this tempera-
ture by requesting that the power of the power transfer signal
is increased or decreased.

As the power control loop can be standardized, this
approach can be used with all powered heating devices and
with all power transmitters that are compatible with the
standard. Indeed, the same power control messages as for
non-heated powered devices can be used. However, whereas
this approach and standardization ensures operational com-
patibility between all power transmitters and powered
devices of the standard, it does not address all issues.

The Inventors have realized that one problem of such
powered heating devices is that the powered heating device
may potentially generate temperatures that could damage the
power transmitter. In order to prevent a heating device from
damaging surfaces, the surfaces are made by materials that
are heat resistant and are capable of withstanding any
temperature that may be encountered by any heating device.
Such an approach puts restrictions on both the materials of
the surfaces and the heating elements.

However, in the approach of FIGS. 1 and 2, the second
temperature control can be used to dynamically measure
thermic compatibility between the contact surface of the
power transmitter 101 and the corresponding temperature of
the powered heating device. This may provide an increased
design freedom for manufacturers of both power transmit-
ters and powered heating device while at the same time
preventing damage. In particular, it may remove the need for
manufacturers to design all products to be capable of han-
dling all worst-case scenarios.
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The approach may for example allow a range of power
transmitters to be developed in accordance with a standard
but while allowing the power transmitters to use various
materials for the contact surfaces to power receivers. The
different materials can have different thermal resistances (in
particular in the sense of being able to withstand heat
without damage). At the same time, a range of powered
heating devices may be developed in accordance with the
standard where the different heating devices having different
thermal properties, and specifically with different heating
devices exhibiting different temperature characteristics in
different scenarios. Despite all devices being compatible
with the standard, it is not required that all powered heating
devices are thermally compatible with all power transmit-
ters. Rather, it may be allowed that some combinations of
powered heating devices and power transmitters could
potentially result in situations where the powered heating
device could cause damage to a contact surface of the power
transmitter.

As an example, a range of power transmitters for kitchen
applications may include one implemented with a wooden
contact surface and another with a granite contact surface,
such as e.g. a wooden or granite kitchen worktop. A range
of powered heating devices may e.g. include a kettle where
the heating element is comprised inside a thermally insu-
lating material (resulting in low temperature of the part that
is placed on the work surface). However, in order to improve
power transfer, another kettle may have the heating element
exposed and indeed in direct contact with the worktop. The
first kettle may be used with both worktops whereas the last
kettle can only be used with the granite contact surface/
worktop. Although a user could manually restrict operations
to be between compatible products, inevitable mistakes (e.g.
when used by the elderly) can result in potential damage to
the worktop.

In the approach of the system of FIGS. 1 and 2, any such
incompatibility between a power receiver and a power
transmitter can be detected automatically and in response the
power of the power transfer signal may be restricted or a
user alert (e.g. alarm signal) can be generated.

The approach is based on comparing thermal character-
istics of the power transmitter to thermal characteristics of
the power receiver and this comparison allows the system to
detect a potentially undesirable situation. Comparison of
values representing properties of different devices is thus
employed.

Specifically, the system compares a temperature which is
individual to the power receiver (and is not inherently
known by the power transmitter) to a property (the maxi-
mum allowable contact temperature for a surface of the
power transmitter for receiving the power receiver) which is
individual to the power transmitter (and is not inherently
known by the power receiver). The comparison is of tem-
perature characteristics of two different devices and reflect
properties of two devices.

The approach may allow an automated detection of ther-
mal incompatibility between a power transmitter and power
receiver. By including such a compatibility check, the sys-
tem accordingly allows for e.g. a common standard to be
developed which provides increased design flexibility by
allowing the possibility of thermally incompatible power
receivers and powered devices.

The two temperature controls can accordingly support
different functions and provide an overall improved opera-
tion. Specifically, the temperature controlled power control
loop may control the heating part to have a desired operating
temperature, and thus may provide a flexible control of the
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operating point to provide a desired temperature perfor-
mance. The temperature controlled power control loop can
specifically address the operational requirements during
heating and can ensure that the desired heating is provided
by the heating part. In addition to this operational control,
the second temperature control can ensure that the devices
are thermally compatible. Thus, whereas the first tempera-
ture control can be directed to controlling the heating
performance of the specific pairings of power transmitters
and powered devices, the second temperature can address
uncertainty resulting from there being many possible com-
binations of power receivers and power transmitters, includ-
ing some combinations that are not thermally compatible.
Such combinations may include scenarios wherein a setting
within a normal operating range for the power receiver will
result in damage to a contact surface of the power transmit-
ter. The system can provide an additional safety protection
and thereby allow substantially more design flexibility. In
the following, the approach will be exemplified with focus
on a specific embodiment wherein a kitchen appliance/unit/
object/element is arranged to provide wireless power to a
plurality of different powered devices, each of which com-
prises a power receiver. The powered devices may thus
specifically be kitchen appliances such as kettles, pans, pots,
blenders, etc.

A specific exemplary application will be described
wherein a kitchen unit may comprise two zones for food
processing, namely:

1. A cooking zone. This zone may comprise e.g. an
inductive cooking stove on which pans, pots, kettles
etc. may be heated. The zone provides a number of
transmit coils each of which can power a powered
device, which specifically may be a heatable kitchen
appliance such as a kettle, pan etc. The powered
devices may specifically comprise a heating element in
which heating is achieved by the induction of eddy
currents. The heatable powered devices may become
very hot and indeed the external parts and contact
surfaces of the powered devices may become very hot.
Accordingly, the zone is generated to be able to with-
stand high temperatures, such as typically to withstand
temperatures up to at least 200° C. Accordingly, the
heatable devices can be heated to a high temperature
while being positioned somewhere in the cooking zone.
The user may control the heating via a suitable user
interface, and control functionality in the appropriate
power receiver and power transmitter may ensure
appropriate power transfer and heating (e.g. using the
feedback power loop).

2. Preparation zone. The zone may also comprise a
number of transmit coils which may power various
powered devices by wireless power transfer. The pow-
ered devices may specifically be kitchen appliances
such as blenders, mixers etc. However, in contrast to
the cooking zone, the preparation zone is not designed
for heating applications. Accordingly, the preparation
zone is not designed to have a heat resistance, and
typically the maximum acceptable contact temperature
for an item positioned in the preparation zone is sub-
stantially lower than the temperature of contact sur-
faces of heatable kitchen appliances.

In both zones, a work surface may thus be provided which
comprises power transmitter coils for wireless power trans-
fer to powered devices that may be positioned on the work
surface. However, whereas the cooking zone is intended for
heatable devices and accordingly is designed to withstand
high temperatures, the preparation zone is intended for
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power devices that are not intended for heating, and which
accordingly are not expected to heat the work surface.
Accordingly, the preparation zone work surface may not be
designed to withstand high temperatures but may instead
(e.g. for aesthetic design reasons) be made of materials that
are sensitive to high temperatures.

The work surfaces of the preparation zone and the cook-
ing zone may thus be constructed from different materials,
such as e.g. ceramic or glass having relatively high tem-
perature resistance or e.g. laminated wood with relatively
high temperature vulnerability. Indeed, in some scenarios,
the cooking zone may be made from material, which is
sensitive to higher temperatures. Such units may allow
heatable devices, which effectively isolate the contact sur-
faces from the heating element to be used while not allowing
devices that do not provide such temperature isolation to be
used.

An example of the exemplary kitchen scenario is provided
in FIG. 5. In the example, a cooking zone 501 comprises two
power transmitters Tx2, Tx1 and a preparation zone 503
comprises two power transmitters Tx4, Tx3. In the example,
a kettle 505 is being powered by one of the power trans-
mitters TX1 of the cooking zone 501. Accordingly, the
temperature of the kettle 505 may be high. A pot 507 is also
positioned on the work surface of the cooking zone but is not
currently being powered and accordingly may not have a
high temperature. In this scenario, it may be acceptable for
a user to move the pot 507 to a part of the preparation zone
503 where it will not be powered (and thus not heated).
However, if the kettle 505 was moved to the preparation
zone 503, the temperature may exceed that which the
material of the preparation zone 503 can withstand and this
could result in damage.

Thus, whereas the approach of providing multiple power
transmitters with different purposes may provide a number
of'advantages, it may also susceptible to potential undesired
scenarios. For example, if a heatable device is positioned on
a power transmitter of the preparation zone rather than one
of the cooking zone, the devices may be heated to a
temperature that will result in damage to the low tempera-
ture resistant work surface.

The example in FIG. 5 with a cooking zone and a food
preparation may of course be extended to include further
zones. It may for example be an advantage to have a zone
at a table where users consume the food/drinks, or any other
place where wirelessly powered devices may be placed.

The system of FIG. 2 may prevent or reduce the risk of
such situations occurring while still allowing different mate-
rials to be used with different power transmitters/power
transmitter coils.

For example, the power receiver may communicate the
maximum temperature and/or the actual temperature of the
base of the powered device to the power transmitter. The
power transmitter may then on the basis of a comparison of
the temperature that the work-surface can withstand (i.e. the
reference temperature in the example) and the maximum
temperature and/or actual temperature of the base of the
powered device (i.e. the first temperature in the example)
determine whether to allow power transmission and too
which level. Thus, it may specifically prevent power trans-
fer, or it may restrict the power level of the power transfer
signal to a level that is known to not cause a temperature
which exceeds the allowable temperature. If the power
receiver does not provide any temperature data, the power
transmitter may prevent power transfer.
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The power transmitter may in some examples optionally
inform the user of the status of the system. For example, it
may provide user indications that indicate:

if it powers the appliance;

if the power level is reduced;

if the appliance is too hot for the work-surface (an alarm

may be generated); and/or

the actual temperature of the base of the appliance.

In some embodiments, the system may not modify the
power transfer, but may simply generate a user alert that can
specifically indicate to the user that the specific powered
device should not be used with the specific power transmit-
ter. For example, the power transmitter may be one in the
preparation zone, and if the power receiver is for a heatable
device, a user alert may be generated if the user attempts to
power it from a power transmitter of the preparation zone.
The user may instead move the powered device to a power
transmitter in the cooking zone. Thus, damage to the work
surface of the preparation zone can be avoided.

The additional control functions described with reference
to FIG. 2 may be implemented in different unit or elements
in different embodiments. In particular, each of the indi-
vidual functional blocks/features may (typically indepen-
dently) be implemented in the power transmitter 101, the
power receiver 105, or may be distributed between these.

As an example, in some embodiments, the functionality
may be implemented in the power transmitter 101. An
example of a power transmitter 101 for such an embodiment
is illustrated in FIG. 6. The example corresponds directly to
the system of FIG. 2 but with the different additional control
functions being illustrated as part of the power transmitter
101.

In the example, the power transmitter comprises the
temperature receiver 207 which may receive the first tem-
perature from an internal or external source. The power
transmitter further comprises the comparator 209 as well as
the reference source 211. Based on the comparison, the first
controller 213 proceeds to control the power transfer via the
driver 201 and/or generate a user alert via the user interface
215.

As an example of a system where the control functionality
is provided in the power transmitter, the temperature
receiver 207 may receive the first temperature from a first
temperature sensor positioned on or very near the surface of
the kitchen work surface such that it can measure the
temperature of a powered device placed on the work surface.
For example, the temperature sensor may be positioned on
or very close to the surface at the position of a transmit coil
of one of the power transmitters of the preparation zone.
When a powered device is positioned on the power trans-
mitter, the temperature sensor may come into contact with
the bottom of the powered device thereby allowing it to
measure the temperature of this contact surface.

The comparator 209 of the power transmitter 101 may
compare this to a reference temperature which specifically
may represent a maximum allowable contact temperature for
the material of the work surface of the preparation zone. If
the measured temperature exceeds that of the reference
temperature, the power controller 303 of the power trans-
mitter 101 proceeds to restrict or possibly terminate power
transfer. Alternatively or additionally, the power controller
303 may control the user interface 215 to generate a user
alert. For example, the kitchen unit including the power
transmitter 101 may generate a visual or audio alarm.
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In this way, the power transmitter 101 may accordingly
comprise functionality that can prevent or reduce the prob-
ability of a powered device damaging the work surface of
the preparation zone.

In many embodiments, the reference temperature may
accordingly represent a maximum allowable contact tem-
perature for a surface of an object comprising the power
transmitter 101. The surface may specifically be an upper
surface intended to receive power receivers for wireless
power transfer. The first temperature may represent the
maximum temperature that the work-surface can withstand.

This parameter can e.g. be determined during manufac-
ture and thus may be a pre-configured temperature limit of
the work-surface. As another example, it may be stored
during installation such as e.g. by setting a dipswitch or via
an installation interface. In some embodiments, the refer-
ence temperature may be a temperature limit which is
determined by detecting the type of material of which the
work-surface is made.

In most embodiments, the temperature receiver 207 is
arranged to receive the first temperature from the power
receiver 105.

The communication of the reference temperature to the
power transmitter 101 may in some embodiments be via
load modulation of the power transfer signal, such as e.g. is
known from the Qi communication system. However, this
communication requires the power transfer signal to be
present and thus limits the communication to specific opera-
tional modes, such as e.g. to scenarios where an active
power transfer is ongoing. Furthermore, load modulation
may be susceptible to noise caused by load variations.

Therefore, in some embodiments, the first temperature
may alternatively or additionally be communicated using a
secondary communication system or channel (often referred
to as out of band signaling). For example, in many embodi-
ments, the power transmitter 101 and the power receiver 105
may comprise Near Field Communication (NFC) function-
ality allowing them to exchange data over a short range
communication link.

NFC is a communication technique wherein the commu-
nication uses the near field generated by a transmitter
antenna which typically is a (planar) coil. The receiver
antenna (which also typically is a (planar) coil is positioned
in the near field of the transmitter. The communication is a
(very) short range communication with a range of typically
no more than 10 cm and often only a few cm. A specific NFC
system has been standardized by the NFC Forum and
specific information may be found in the developed standard
specifications, including for example ISO/IEC_18092,
“Information technology—Telecommunications and infor-
mation exchange between systems—Near Field Communi-
cation—Interface and Protocol (NFCIP-1)”, Second edition,
15 Mar. 2013.

The use of a short range communication system with a
communication range of no more than, say, 20 cm provides
the advantage that if the first temperature can be communi-
cated from the power receiver 105 to the power transmitter
101, then the power transmitter 101 will inherently be
positioned very close to, and typically on the transmit coil,
of the power transmitter 101. Thus, by using short range
communication, the control functionality automatically con-
trols the operation based on substantially co-located devices.
For example, for a power transmitter located in the prepa-
ration zone, it can be assumed that if the first temperature
can be received from a power receiver, then this power
receiver must be positioned in the preparation zone.



US 9,444,266 B2

21

In some embodiments, the first temperature is a predeter-
mined maximum temperature of a surface of the powered
device. The power receiver 105 may be arranged to transmit
this predetermined maximum temperature to the power
transmitter 101 which may proceed to compare this to the
stored reference temperature.

The first temperature may thus in some embodiments be
a predetermined maximum temperature rather than a mea-
sured temperature. The predetermined maximum tempera-
ture may be a temperature which reflects the maximum
temperature that the surface can reach during (non-faulty)
operation of the powered device. The maximum temperature
may be dependent on the operation and control algorithm of
the power receiver or may e.g. be dependent on the physical
characteristics of the power receiver as well as the maximum
power which can be provided by the power transmitter (e.g.
as limited by the standards or specifications of the wireless
transfer system). The predetermined maximum temperature
may e.g. be determined during the manufacturing or design
phase for the powered device and may be stored in the power
receiver.

The comparator 209 may then compare the received
predetermined maximum temperature to a reference tem-
perature reflecting the maximum allowable temperature of a
surface for receiving the powered device. If the predeter-
mined maximum temperature received over the short-range
communication link (or by load modulation for an active
power transfer) exceeds the reference temperature for the
surface, then the specific powered device has potential for
damaging the surface. Accordingly, a user alarm may be
generated urging the user to move the powered device,
and/or power transfer to the power receiver may be inhib-
ited. E.g. the power transfer may be prevented or only
allowed below a given power limit which is guaranteed to
not result in temperatures that may damage the surface.

In most embodiments, the first temperature is a measured
temperature, i.e. it is a value that is directly provided by a
temperature sensor, or it may be a temperature that has been
derived from such a measurement. Such temperatures may
allow a dynamic adaptation of the control functions and may
specifically provide improved flexibility and usability. For
example, a powered device may operate without any modi-
fications provided the current temperature does not exceed
acceptable levels. For example, a pot may be used at low
heat settings even if positioned in the preparation zone but
with power being restricted if the temperature of a surface
increases to levels that could result in damage to the work
surface.

In some embodiments, the first temperature may thus
directly be measured by a temperature sensor in contact with
the relevant part of the powered device. In many embodi-
ments, the first temperature may reflect a temperature of a
surface that will contact with a surface of the power trans-
mitter when the power receiver is positioned on the power
transmitter for power transfer. The first temperature may
accordingly be provided by a temperature sensor which is in
contact with such a surface.

In some embodiments, the first temperature may be cal-
culated or estimated from a temperature provided by a
temperature sensor which is not in direct contact with the
specific part or surface of the powered device, i.e. an indirect
measurement may be made.

For example, a measurement may be made on another part
of the powered device and a thermal model may be used to
assess the corresponding temperature on the relevant part,
such as e.g. on the contact surface. The thermal model may
be a complex model taking into account other operating
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parameters, a plurality of temperature measurements etc. In
other embodiments, the model may for example be a simple
look-up table which for a given measured temperature value
provides the estimated/indirectly measured temperature of
the relevant part.

For example, the first temperature may e.g. be measured
by measuring the actual temperature of the heating element
and then using the thermal resistance of an isolation layer
between the heating element and a base of the appliance to
determine the expected temperature on the base of the
heating element.

The determination of the temperature is typically per-
formed in the power receiver such that the first temperature
transmitted to the power transmitter can be used directly as
an estimate/measurement of the current temperature of the
relevant part of the powered device. This allows the power
transmitter to use a standard approach for all powered
devices and it does not need to consider specific character-
istics of the individual powered device.

In many embodiments, the power transmitter is further
arranged to restrict the power of the power transfer signal
and/or to generate a user alert in response to not receiving a
first temperature from the power receiver (e.g. within a
given time interval).

Thus, if the power transmitter 101 detects the presence of
a power receiver 105 which is to be powered (or is being
powered), it proceeds to monitor for data messages being
received which indicate the first temperature. If none are
received, the power transmitter may proceed to terminate
any ongoing power transfer or prevent a new one starting.
Alternatively, it may allow power transfer but restrict this to
a level that can be guaranteed to not heat an external device
to unacceptable temperatures. This may ensure that unac-
ceptable temperatures are not reached even for devices that
do not support the enhanced functionality (or are faulty).

Typically, a user alert may also be generated in such
scenarios in order to indicate to the user the reason for the
powered device not being powered. Indeed, in some
embodiments, the power transfer may proceed as normal but
with a user alert being generated to alert the user to the
potential risk. In such an embodiment, the user may thus
make a decision on the appropriate action to take (if any).

It will be appreciated that the approach may be used for
a plurality of power transmitters. Indeed, in the specific
example (e.g. of FIG. 5), an apparatus is provided with a
plurality of power transmitters. The functionality of FIG. 2
or 6 may be provided for each of these power transmitters.
Furthermore, the reference temperature which is used for the
comparison may be different for different power transmit-
ters. Specifically, the reference temperature for the power
transmitters that are located in the preparation zone may be
substantially lower than the reference temperature for power
transmitters that are located in the cooking zone.

In some embodiments, the system of FIG. 2 may include
a selector for selecting the reference temperature from a
plurality of reference temperatures in response to a position
indication for the power receiver where each reference
temperature is associated with a set of positions. The refer-
ence temperatures for the different sets will typically be
different (and typically substantially different).

For example, the temperature receiver 207 may be
arranged to receive first temperatures from a plurality of
different power receivers, typically with each power receiver
being powered by a different power transmitter or power
transmitter coil. The comparator 209 may compare each
received temperature to a reference temperature but with the
specific reference temperature used depending on where the
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power receiver is positioned. Specifically, the reference
temperature may be dependent on which power transmitter
receives the first temperature (over a short communication
link). If the comparator 209 detects that the received first
temperature exceeds the selected reference temperature, it
instructs the first controller 213 of this and accordingly the
first controller 213 proceeds to restrict the power level of the
power transfer signal generated by the power transmitter
associated with the short range communication unit that
received the first temperature.

(It will be appreciated that the temperature receiver 207 in
this case may be considered to be distributed and include all
the short range communication units of the different power
transmitters, or the temperature receiver 207 may be con-
sidered to be a central unit which receives the first tempera-
tures from the different short range communication units).

The position indication which is used to select the refer-
ence temperature to use may typically be an indication of
which power transmitter/power transmitter coil the power
receiver is coupling to, and this may typically be indicated
by which of short range communication unit is receiving the
first temperature. Thus, in many embodiments, the reference
temperature is selected in dependence on which short range
communication unit receives the first temperature.

The system may thus provide different functionality for
power transmitters/power transmitter coils in different
zones. The reference temperature for the preparation zone
may for example be selected to be much lower than the
reference temperature for the cooking zone.

In some embodiments, a detection of the first temperature
exceeding the reference temperature will result in a user
alert being generated by the power transmitter side, e.g. by
the kitchen unit. However, in some embodiments, the unit
may comprise a transmitter which is arranged to transmit an
indication of the detection of the first temperature exceeding
the reference temperature to the power receiver. The power
receiver may then (alternatively or additionally) generate a
user alert. For example, the powered device may comprise
a warning light which lights up if it is positioned on a power
transmitter located under a surface that could be damaged by
the current temperature of a contact surface of the powered
device. The indication by the powered device may in many
embodiments be more immediate than if provided (only) at
the transmitting side.

It will be appreciated that any suitable means of commu-
nication can be used to communicate data from the power
transmitter to the power receiver. For example, data may be
modulated on to the power transfer signal, or in many
embodiments the NFC short range communication may be a
bidirectional communication

In some embodiments, the comparator 209 may be com-
prised in the power receiver 105.

In such embodiments, the reference source 211 may
comprise a receiver which is arranged to receive the refer-
ence temperature from the power transmitter 101. For
example, the power transmitter 101 may be arranged to
transmit the reference temperature to the power receiver 105
when it detects the presence of the power receiver 105. The
communication may specifically be via the NFC short range
communication link. The reference source 211 may thus
receive the reference temperature over the NFC communi-
cation link when the powered device is positioned such that
it couples to the power transmitter 101.

The reference temperature is fed to the comparator 209
which also receives the first temperature from the tempera-
ture receiver 207. The temperature receiver 207 may in this
case receive the first temperature from an internal source,
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such as from a temperature sensor in contact with the
relevant part of the powered device (or from a temperature
sensor providing a measurement from which the first tem-
perature can be estimated/calculated).

If the comparator 209 detects that the first temperature
exceeds the reference temperature, the power receiver 105
may in some embodiments transmit an indication of this
detection to the power transmitter 101. In response, the
power transmitter 101 may proceed to restrict power of the
power transfer signal and/or to generate a user alert.

Thus, in such scenarios, the first controller 213 may be
considered to be implemented in the power receiver 105 and
to restrict power/generate user alerts by transmitting appro-
priate messages to the power transmitter 101. Similarly, it
could be considered that the first controller 213 is imple-
mented in the power transmitter 101 and receives messages
from the comparator 209 comprised in the power receiver
105 resulting in the first controller 213 controlling the power
of the power transfer signal.

Thus, in an exemplary embodiment wherein most of the
enhanced control functionality is comprised in the power
receiver 105, the power transmitter 101 may communicate
the allowed maximum temperature of the work-surface to
the power receiver 105. The power receiver 105 can then
decide, based on the allowed temperature of the work-
surface and the maximum temperature and/or actual tem-
perature of the base of the appliance, if

power reception is allowed and

to which power level.

It may then proceed to control the power transfer opera-
tion accordingly.

The powered device may optionally inform the user of the
status of the system, and may specifically indicate:

if it is being powered,

if the power level is reduced,

if the powered device is too hot for the work-surface

(alarm), and/or

the actual temperature of the base of the appliance

An advantage of the approach of having this functionality
in the power receiver is that the power receiver does not
have to wait for a decision of the power transmitter. It may
often allow a faster indication to the user of a risk of
potential damage to the work-surface.

For example, the power receiver may monitor the first
temperature constantly and control the power transfer such
that it never exceeds the first reference temperature.

As another example, the power receiver could use a
further, typically predetermined, reference temperature that
is considered to be safe for any surface and/or for being
touched by a human. The controller (213) may allow this
predetermined reference temperature to only be exceeded if
it has received a first reference temperature from the power
transmitter (to which it is associated for power transfer).
However, if the power receiver is not associated with any
power transmitter (or is associated with one that has not
provided a reference temperature), it will use the predeter-
mined reference temperature. For example if the device
comprising the power receiver has been powered by a power
transmitter in the cooking zone and the user lifts the device
in order to place it somewhere else, the power receiver may
warn the user that the first temperature exceeds the prede-
termined reference temperature. This can prevent that the
user touches an excessively hot part of the device and/or can
prevent the user from placing the powered device in an area
where the receiving surface is not capable of withstanding a
high temperature.
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Thus, in some embodiments, the power receiver may be
arranged to determine the reference temperature as a pre-
determined reference temperature if a reference temperature
has not been received from an associated power transmitter
(i.e. from the power transmitter providing power). The
predetermined reference temperature may be stored in the
power receiver and may not be associated with any power
transmitters. Rather, the predetermined reference tempera-
ture may be a default or nominal reference temperature used
in the absence of a specific reference temperature being
provided by a power transmitter. If a specific reference
temperature is received from a power transmitter providing
power to the power receiver (or just communicating using a
short range communication system), this reference tempera-
ture may overwrite the predetermined reference temperature
for as long as the power receiver is coupled to this power
transmitter.

FIG. 7 illustrates an example of power receiver wherein
the control functionality of FIG. 2 is implemented in the
power receiver.

In some embodiments, the first controller 213 may be
implemented in the power receiver 105 and may restrict the
power of the power transfer signal by requesting the power
transmitter 101 to reduce the power of the power transfer
signal. For example, in response to a detection that the first
temperature exceeds the reference temperature, the first
controller 213 may initiate that power down requests are
transmitted to the power transmitter 101 until the first
temperature has dropped to a reasonable level. The first
controller 213 may specifically modify the power control
loop operation to cause the reported error control messages
to request power down. This may for example allow the
system to be used with a standard non-enhanced power
transmitter.

Thus the power receiver 105 supports a power control
loop where power control loop feedback messages are
transmitted from the power receiver 105 to the power
transmitter 101. The power control loop feedback messages
may request that the power of the power transfer signal is
increased, decreased or remain the same. The power trans-
mitter 101 may then adjust the power of the power transfer
signal accordingly.

Specifically, as illustrated in FIG. 7, the power receiver
105 may comprise a power control transmitter 701 which is
arranged to transmit power control loop feedback messages
to the power transmitter 101. The power control loop
feedback messages may specifically be transmitted by load
modulation and may specifically be transmitted at least
every 250 msec corresponding to the Qi spec. The power
control loop feedback messages may request a power up or
a power down for the power transfer signal. When the power
transmitter 101 receives a power control loop feedback
message, it may proceed according to the request, i.e. it may
increase or decrease the power level by predetermined
amount.

The power receiver 105 furthermore comprises a power
controller 703 which is coupled to the power control trans-
mitter 701. The power controller 703 is arranged to generate
the power change requests for the power control loop
feedback messages, i.e. it may determine whether power up
or power down (or no change) requests should be included
in the power control loop feedback messages.

In the power receiver 105 of FIG. 7, the power control
loop is temperature based and the power change requests are
determined based on a temperature, and specifically based
on the heating part temperature. Accordingly, the power
receiver 105 comprises a heating part temperature sensor
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705 which measures the heating part temperature. The
heating part temperature sensor 705 may for example be
directly in contact with the heating part temperature, or may
e.g. be measured via other elements. In the latter case, a
thermal model may e.g. be used to estimate the heating part
temperature from the measured temperature, or any esti-
mated difference may for example be included in the pro-
cessing of the heating part temperature, such as specifically
may be included in an operating reference temperature being
modified accordingly.

The heating part temperature sensor 705 is coupled to the
power controller 703. During heating, the power controller
703 may compare the measured heating part temperature to
a desired operating temperature of the heating part. If the
measured heating part temperature exceeds the desired oper-
ating temperature, a power request requesting that power is
decreased is generated and otherwise a power request
requesting that power is increased is generated. As a result,
the power of the power transfer signal will be biased towards
a level that results in the heating part temperature having the
desired operating temperature.

The power receiver 105 of FIG. 7, and thus the systems
of FIGS. 1 and 2, may accordingly support a temperature
controlled power control loop which can control the power
of the power transfer signal to result in a desired operating
temperature of the heating part temperature.

In some embodiments, this power control loop may
additionally be dependent on the first temperature, i.e. on the
temperature of the contact surface of the powered device.
Specifically power down requests may be transmitted if the
first temperature exceeds the reference temperature. Thus,
the power change requests of the power control loop feed-
back messages may also depend on the first temperature.

The power control loop feedback messages may during
normal operation depend on the desired operating condi-
tions. Specifically, when the first temperature is below the
reference temperature, the power control loop may depend
on the desired operating temperature of the heating part
temperature. However, if the first temperature exceeds the
reference temperature, the operation may be modified such
that power down requests are transmitted regardless of the
difference between the current and desired operating tem-
peratures. Thus, the comparison of the first temperature to
the reference temperature may be a safety precaution that
can override the normal operation of the power control loop.

The power receiver accordingly may comprise two or
more temperature sensors. A first sensor may be used to
determine the first temperature. For example, the tempera-
ture sensor may be positioned in contact with a contact
surface of the powered device.

The power receiver further comprises a second tempera-
ture sensor which is used to determine a second temperature
being a temperature of a heating part of the powered device,
such as e.g. the heating element of a kettle or pot.

Thus, the system may (directly or indirectly) measure the
temperature of the heating element of a powered device as
well as a temperature of a contact surface of the powered
device.

The power control loop may in such an embodiment be
based on the second temperature, i.e. the power control loop
can be controlled to provide the desired temperature of the
heating element. However, rather than just operate the power
transfer to provide the desired temperature of the heating
element, the system further includes a safety operation
which detects if the temperature of a contact surface of the
powered device exceeds a given reference temperature (typi-
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cally corresponding to a maximum allowable temperature of
a surface of the device or unit comprising the power trans-
mitter).
If overheating is detected, the system may terminate
power transfer, reduce power and/or generate a user alert in
accordance with any of the previously described approaches.
In some embodiments, the power control loop controller
may specifically generate power requests dependent on both
the first and second temperature. Specifically, the power
requests may be generated in dependence on the second
temperature as long as the first temperature is below the
reference temperature. However, if the first temperature
exceeds the reference temperature, power down requests
may be generated regardless of the second temperature.
A specific example of the operation of a power transfer
system in accordance with the described approach will be
provided with specific reference to FIG. 8.
In the example, a powered device 801 in the form ofkettle
may be heated by a power transmitter.
The powered device 801 comprises a heating element in
the form of an iron plate 803, one temperature sensor 805
measuring the temperature of the heating element, one
temperature sensor 807 measuring the temperature of a
contact surface (base) of the powered device 801. The iron
plate 803 will heat up if exposed to an alternating magnetic
field.
The powered device 801 further comprises a secondary
communication coil 809, a short range communication unit
811, and a user interface 813.
In the example, there is a distance (e.g. 1 cm) between the
iron plate 803 and the base/contact surface of the powered
device 801 in order to thermally insulate the base from the
plate. The first temperature sensor 801 is attached to the iron
plate 803 such that it provides a value representing the
temperature of the plate 803. The second temperature sensor
807 is attached to the base of the powered device 801 such
that it provides a value representing the temperature of the
base of the powered device 801 which is in touch with a
work-surface 815 of a kitchen unit which can wirelessly
power the iron plate 803.
The unit comprises at least one power transmitter 101, and
specifically comprises a transmit power coil 817 for pow-
ering the powered device 801 and a primary communication
coil 819 for communicating with the power receiver. The
power transmitter 101 further comprises a short range NFC
communication unit 821 for communicating with the com-
munication unit 811 of the receiver.
The exemplary system may specifically operate as fol-
lows:
1) The power transmitter 101 may detect the powered
device 801 by sending a ping signal through the pri-
mary communication coil 819. The communication
unit 811 of the powered device 801 receives the ping
signal through the secondary communication coil 809.
The communication unit 811 unit responds with e.g. an
identification message through the communication
coils 809, 819 to the transmitter communication unit
821 to indicate the presence of the powered device 801.
Optionally the power transmitter may indicate to the
user that it has detected an appliance, e.g. by pro-
ducing a sound. Optionally the power device 801
may indicate to the user that it has been pinged by a
power transmitter, e.g. by turning on an LED at the
user interface 813.

The primary communication unit 821 may transmit a
maximum allowed temperature of the work-surface
to the power receiver (i.e. a reference temperature).

10

45

55

65

28

2) The user starts the powered device 801 e.g. by setting
a desired temperature and pushing a button on the user
interface 813. The power receiver then requests a
power transfer and communicates an initial power
demand to the power transmitter 101. The power trans-
mitter 101 starts a power driver to provide a magnetic
field through the primary power coil 817. The iron plate
803 of the powered device 801 is exposed to the
magnetic field and starts to heat up.

3) The power receiver regulates the temperature of the
iron plate 803 based on the difference between the
desired temperature and the actual temperature as mea-
sured by the first temperature sensor 801. The control
of the temperature is achieved by regularly sending an
update of the required power demand to the power
transmitter 101. The power transmitter 101 modifies
the magnetic field by controlling the power driver
according to the actual power demand. Additionally,
the power receiver limits its power demand when the
temperature of the base indicated by the second tem-
perature sensor 807 reaches the reference temperature.
Additionally the power receiver may inform the user of
the operation via the user interface 813, e.g. by dis-
playing the actual temperature of the iron plate 803,
indicating the limiting functionality caused by the
allowed temperature limit of the work-surface, etc.

If the temperature of the base of the powered device
801 exceeds the allowed limit of the work-surface
815, e.g. because the appliance is moved from a
work-surface that can withstand a high temperature
to one that cannot withstand this high temperature
(or simply due to the powered device heating up to
a level which cannot be supported by the work
surface), the power receiver will detect this and warn
the user that the actual temperature of the base
exceeds the temperature limit of the work-surface. It
may for example indicate an alarm by flashing a light
indicating that the user has to remove the appliance
from the work-surface.

4) The power receiver communicates the temperature of
the base of the powered device 801 to the power
transmitter 101. If the temperature of the base of the
appliance reaches the maximum allowed temperature
(e.g. 50 degrees Celsius), the power transmitter 101
reduces the power of the power transfer signal, and may
specifically abandon the power transfer.

Typically, the power transmitter 101 may also warn the
user when the temperature of the base of the powered
device 801 has reached the allowed limit of the
work-surface 815, e.g. by producing a warning
sound. If the temperature of the base of the powered
device 801 exceeds the allowed limit of the work-
surface 815, e.g. because the powered device 801 is
moved from a work-surface that can withstand a high
temperature to one that cannot withstand such a high
temperature, the power transmitter 101 can warn the
user that the actual temperature of the base exceeds
the temperature limit of the work-surface, e.g. by
producing an alarm sound thereby indicating that the
user should remove the appliance from the work-
surface. In some scenarios, the power transmitter 101
can inform the power receiver of the detection of an
excessive temperature and the power receiver can
then warn the user via the user interface 813.

It will be appreciated that in some embodiments, redun-

dancy may be introduced by e.g. independent control func-
tionality being implemented in both the power transmitter
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101 and the power receiver 105. For example, the power
transmitter of FIG. 6 can be used with power receivers of
FIG. 7.

An advantage of this approach is that if one of the
comparator instances (109), or one of the controller
instances (213), fails, the other instance could still be
operable and prevent or reduce the risk of undesirable
scenarios. Another advantage of this approach is that the
power receiver may provide a fast reaction or close control
to prevent an undesirable situation before the power trans-
mitter reacts. For example, the power receiver may be in
control to prevent that the first temperature does not exceed
the reference temperature. If the power receiver fails in this,
the power transmitter can take over control as a back-up
safety measure and e.g. terminate power transfer.

It will be appreciated that the above description for clarity
has described embodiments of the invention with reference
to different functional circuits, units and processors. How-
ever, it will be apparent that any suitable distribution of
functionality between different functional circuits, units or
processors may be used without detracting from the inven-
tion. For example, functionality illustrated to be performed
by separate processors or controllers may be performed by
the same processor or controllers. Hence, references to
specific functional units or circuits are only to be seen as
references to suitable means for providing the described
functionality rather than indicative of a strict logical or
physical structure or organization.

The invention can be implemented in any suitable form
including hardware, software, firmware or any combination
of these. The invention may optionally be implemented at
least partly as computer software running on one or more
data processors and/or digital signal processors. The ele-
ments and components of an embodiment of the invention
may be physically, functionally and logically implemented
in any suitable way. Indeed the functionality may be imple-
mented in a single unit, in a plurality of units or as part of
other functional units. As such, the invention may be imple-
mented in a single unit or may be physically and functionally
distributed between different units, circuits and processors.

Although the present invention has been described in
connection with some embodiments, it is not intended to be
limited to the specific form set forth herein. Rather, the scope
of'the present invention is limited only by the accompanying
claims. Additionally, although a feature may appear to be
described in connection with particular embodiments, one
skilled in the art would recognize that various features of the
described embodiments may be combined in accordance
with the invention. In the claims, the term comprising does
not exclude the presence of other elements or steps.

Furthermore, although individually listed, a plurality of
means, elements, circuits or method steps may be imple-
mented by e.g. a single circuit, unit or processor. Addition-
ally, although individual features may be included in differ-
ent claims, these may possibly be advantageously combined,
and the inclusion in different claims does not imply that a
combination of features is not feasible and/or advantageous.
Also the inclusion of a feature in one category of claims does
not imply a limitation to this category but rather indicates
that the feature is equally applicable to other claim catego-
ries as appropriate. Furthermore, the order of features in the
claims do not imply any specific order in which the features
must be worked and in particular the order of individual
steps in a method claim does not imply that the steps must
be performed in this order. Rather, the steps may be per-
formed in any suitable order. In addition, singular references

do not exclude a plurality. Thus references to “a”, “an”,
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“first”, “second” etc do not preclude a plurality. Reference
signs in the claims are provided merely as a clarifying
example shall not be construed as limiting the scope of the
claims in any way.

The invention claimed is:

1. A wireless power transfer system including a power
transmitter and a power receiver, the power transmitter
being arranged to generate a wireless inductive power
transfer signal for powering the power receiver, the wireless
power transfer system comprising:

a receiver for receiving a first temperature for a first part
of a powered device, the powered device comprising a
heating part arranged to be heated by power from the
power transfer signal and the first part being a contact
surface of the powered device for contacting the power
transmitter;

a comparator for comparing the first temperature to a first
reference temperature, the first reference temperature
being indicative of a maximum allowable contact tem-
perature for a surface of the power transmitter for
receiving the power receiver; and

a controller for at least one of restricting the power of the
power transfer signal and generating a user alert in
response to the first temperature exceeding the first
reference temperature; and wherein

the power receiver comprises

a first temperature sensor for determining a second tem-
perature for a heating part of the powered device,

a transmitter for transmitting power control loop feedback
messages for requesting power level changes of the
power transfer signal to the power transmitter during
power transfer, and

a power controller for generating power change requests
for the power control loop feedback messages in
response to the second temperature.

2. The wireless power transfer system of claim 1 wherein
the power receiver comprises a second a temperature sensor
arranged to measure the first temperature.

3. The wireless power transfer system of claim 1 wherein
the first temperature is a predetermined maximum tempera-
ture of the contact surface.

4. The wireless power transfer system of claim 1 wherein
the controller is arranged to restrict the power of the power
transfer signal in response to the first temperature exceeding
the first reference temperature.

5. The wireless power transfer system of claim 1 wherein
the controller is arranged to generate the user alert in
response to the first temperature exceeding the first reference
temperature.

6. The wireless power transfer system of claim 1 wherein
the first part is a different part of the powered device than the
heating part.

7. The wireless power transfer system of claim 1 wherein
the receiver, comparator and controller are comprised in the
power transmitter.

8. The wireless power transfer system of claim 7 wherein
the receiver is arranged to receive the first temperature from
the power receiver.

9. The wireless power transfer system of claim 8 wherein
the controller is arranged to restrict the power of the power
transfer signal or to generate a user alert in response to the
receiver not receiving the first temperature from the power
receiver.

10. The wireless power transfer system of claim 7 wherein
the power transmitter is arranged to transmit an indication of
a detection of the first temperature exceeding the first
reference temperature to the power receiver.
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11. The wireless power transfer system of claim 1 further
comprising a second power transmitter; and:

a second receiver for receiving a second temperature for
a part of a second powered device, the second powered
device being powered by a second power receiver
powered by the second power transmitter;

a second comparator for comparing the second tempera-
ture to a second reference temperature associated with
the second power transmitter; and

a second controller for at least one of restricting a power
of a power transfer signal of the second power trans-
mitter and generating a user alert in response to the
second temperature exceeding the second reference
temperature; wherein the second reference temperature
is different from the first reference temperature.

12. A power receiver for a wireless power transfer system
including a power transmitter arranged to generate a wire-
less inductive power transfer signal for powering the power
receiver, the power receiver comprising:

a receiver for receiving a first temperature for a first part
of'a powered device, the powered device comprising a
heating part arranged to be heated by power from the
power transfer signal and the first part being a contact
surface of the powered device for contacting the power
transmitter;

a comparator for comparing the first temperature to a first
reference temperature, the first reference temperature
being indicative of a maximum allowable contact tem-
perature for a surface of the power transmitter for
receiving the power receiver;

a controller for at least one of restricting the power of the
power transfer signal and generating a user alert in
response to the first temperature exceeding the first
reference temperature;

a first temperature sensor for determining a second tem-
perature for a heating part of the powered device;

a transmitter for transmitting power control loop feedback
messages for requesting power level changes of the
power transfer signal to the power transmitter during
power transfer; and

a power controller for generating power change requests
for the power control loop feedback messages in
response to the second temperature.
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13. The power receiver of claim 12 wherein the controller
is arranged to generate power down requests for the power
control loop feedback messages in response to the first
temperature exceeding the first reference temperature.
14. The power receiver of claim 12 further comprising a
reference temperature receiver for receiving the first refer-
ence temperature from the power transmitter.
15. The power receiver of claim 14 wherein the compara-
tor is arranged to set the first reference temperature to a
predetermined value in the absence of the first reference
temperature being received from the power transmitter.
16. The power receiver of claim 1 wherein the heating part
is an inductive heating element arranged to be heated by
induction from the power transfer signal.
17. A method of operation for a wireless power transfer
system including a power transmitter and a power receiver,
the power transmitter being arranged to generate a wireless
inductive power transfer signal for powering the power
receiver, the method comprising:
receiving a first temperature for a first part of a powered
device, the powered device comprising a heating part
being heated by power from the power transfer signal;

comparing the measured temperature to a first reference
temperature, the first reference temperature being
indicative of a maximum allowable contact tempera-
ture for a surface of the power transmitter for receiving
the power receiver; and

at least one of restricting the power of the power transfer

signal and generating a user alert in response to the first
temperature exceeding the first reference temperature;

a temperature sensor of the power receiver determining a

second temperature for a heating part of the powered
device,

the power receiver transmitting power control loop feed-

back messages for requesting power level changes of
the power transfer signal to the power transmitter
during power transfer, and

the power receiver generating power change requests for

the power control loop feedback messages in response
to the second temperature.
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